Original Article
MaterIals and Methods
The study included 75 strains of the genus Raoultella and 3 reference strains of Raoultella planticola DSM3069, Raoultella terrigena ATCC33257 and Raoultella ornithinolytica DSM7464. The strains were identified to the species by biochemical test ID32E (bioMérieux), GN cards in VITEK2 compact automatic system (bioMérieux) and by matrix-assisted laser desorption ionisation-time of flight mass spectrometry (MALDI-TOF MS) (Bruker). Additional biochemical tests were performed for each strain; they were able to detect ethanolamine, 3-DL-beta-hydroxybutyric acid, histamine, and D-melezitose as the sole source of carbon in the medium. These tests were conducted according to Monnet and Freney. [5] Identification was performed twice for all tested strains using described methods.
rEsults
Reliable identification of the species was achieved for reference strains using the described methods. Identification of R. terrigena reference strain caused difficulties, this strain was misidentified as K. pneumoniae in ID32E (indol test was negative) and R. planticola in VITEK2 Compact system. Results of MALDI-TOF MS method were obtained with the rate of 2.018 and 2.042, indicating a reliable identification of the genus and a probable one of the species.
The additional biochemical tests are not part of the standard identification tests used in microbiology laboratories. All of analysed strains used histamine which would indicate Raoultella as genus. Some discrepancy in comparison to published data was observed in results for individual strains two strains of R. planticola used ethanolamine as the sole carbon source in the medium and decomposed D-melezitose and one strain of R. ornithinolytica used ethanolamine.
Two biochemical tests (manual and automatic) were used to identify examined strains; 44 (60.0%) strains reached score of >90% in ID32E test, while 66 (88.0%) strains obtained score of >95% in VITEK2 Compact test and 3 showed 50% for both R. planticola and Klebsiella oxytoca. Interpretation of the results obtained by MALDI-TOF MS method was performed according to the manufacturer's instructions, where strains were classified to specific categories. Reliable result to the genus, and reliable or probable to the species was obtained for 73 (97.4%) strains [ Table 1 ].
The same result of identification to species was achieved for 44 (58.6%) strains of genus Raoultella in ID32E test and MALDI-TOF MS. Results of VITEK2 Compact test and MALDI-TOF MS showed 61 (81.4%) Raoultella strains. Among R. planticola strains were identified two clusters [ Figure 1 ]. R. ornithinolytica strains numbered from 29 to 35 were identical [ Figure 2 ].
DiscussiOn
The name of genus Raoultella is derived from the name of French bacteriologist -Didier Raoult. [1] Currently, 3 species belong to genus: R. planticola [6] isolated from plants, R. terrigena [7] from soil and R. ornithinolytica [8] from animals. In 2014, Kimura et al. [9] described fourth genus -R. electrica.
Identification of Raoultella spp. was difficult since their discovery due to their phylogenetic similarity to genus Klebsiella, and also their biochemical properties such as utilisation of histamine or decomposition of D-melezitose, which are not available in commercial biochemical tests. The introduction of mass spectrometry and methods of molecular biology has enabled reliable identification of these bacteria to genus and species.
The study identified 75 strains of Raoultella genus. Biochemical identification was performed using manual and automatic tests, which gave a very good identification for over 81%, and 93% strains, respectively. The lack of characteristic reactions for genus Raoultella in available tests is a serious limitation. In cases of doubt, these reactions were very useful and often allowed to distinguish between Raoultella and Klebsiella. Studies by various authors [5, 10, 11] confirmed that the use of additional reactions facilitates identification of Raoultella spp. and differentiate them from genus K. pneumoniae. In general, differentiation between K. oxytoca and R. ornithinolytica is causing problems in [3] using polymerase chain reaction (PCR). Identification of R. ornithinolytica was achieved for 27 strains in both methods, while one strain was genetically confirmed as K. oxytoca instead of R. ornithinolytica by VITEK system. They noted that R. ornithinolytica strains may not produce ornithine decarboxylase, which also may lead to difficulties with the identification of the species. Richter et al. [12] also noted misidentification of R. ornithinolytica as K. oxytoca comparing results with the PCR method.
An alternative to the biochemical identification of Raoultella spp. may be MALDI-TOF MS, [13] analyzing the unique profile of proteins in microorganisms, often referred to as molecular 'fingerprint'. In the literature, few authors evaluate the use of this method in identifying Raoultella, but mostly they refer to individual strains. [12] [13] [14] Data available in the literature indicate that this is a reliable method to identify bacteria. Risch et al. [13] identified 3 Raoultella strains, where two were recognised as R. ornithinolytica (>2.000) by MALDI-TOF MS and confirmed by 16SrRNA sequencing. The identification of R. terrigena strain caused problems, reliable identification was received only to the level of genus. Murugaiyan et al. [15] identified 16 Raoultella strains by MALDI-TOF MS method. Comparison of results obtained by biochemical tests and MALDI-TOF MS method for Raoultella provided discrepancies, such as >13% (GN test), >34% (ID32E test). They resulted from the inability to uniquely identify the species or in cases where the identification turned out to be wrong.
In recent years, reliable identification of Raoultella spp. became important due to the increase of the isolation frequency of these bacteria from clinical material samples extracted from patients with various forms of infections. A few years ago, these bacteria were considered as nonpathogenic, when they were detected in the environment, and their isolation from patients was often treated as an impurity. Currently, it is known that they can cause very serious organ and systemic infections, mainly in cancer patients after surgery on the abdomen. It seems important that these rods, like Klebsiella spp., can colonize the gastrointestinal tract of the patients admitted in hospitals, and in favourable conditions, they may lead to the development of an infection.
Limitation of the MALDI-TOF MS method concerning
Raoultella spp. is the identification of strains of R. terrigena species, for which no reliable identification to species was achieved. Similar results were obtained by Risch et al. [13] However, it must be highlighted that their identification was related to individual strains of R. terrigena.
The method of MALDI-TOF MS is cheap, quick and easy in performance. The obtained results indicate that it is also reliable in identifying genus Raoultella spp. and their differentiation from genus K. pneumoniae. MALDI-TOF MS method can effectively replace identification with biochemical tests, and only for individual strains additional tests and confirmation with 16SrRNA should be performed.
In recent years, Raoultella spp. gained more interest. There is also an increasing number of publications describing mainly clinical cases involving these bacteria. This situation is impacted by the introduction of diagnostic methods that identify Raoultella strains to the species and enable their differentiation from K. pneumoniae. Automatic and manual systems are widely used in microbiological laboratories to identify microorganisms. However, they might not always be sufficient for selected bacteria. In this study biochemical identification was compared with MALDI-TOF MS method.
Obtained results indicated that MALDI-TOF MS method is fast and reliable in identifying Raoultella spp. and may be an alternative for biochemical methods.
cOnclusiOn It was established that MALDI-TOF MS method is reliable in identifying genus Raoultella. 
